Abstract. Calculations of Mn and O K-XANES in perovskite-like structure manganese oxides performed by the full multiple scattering method within the spin-dependent exchange potential model enable to determine local lattice distortions and demonstrate the effect of the crystal magnetic order on the near-edge structure.
INTRODUCTION
Manganese oxides exhibit numerous magnetic, structural, and electronic phase transitions, including cooperative Jahn-Teller effect, charge and orbital ordering, "colossal" magnetoresistance phenomenon, etc. These phenomena are closely connected with and highly affected by the local distortions of crystal lattice and crystal magnetic structure.
X-ray absorption spectroscopy is known to be an element selective probe for local atomic order. On the other hand, there are a very few publications concern with the influence of magnetic structure on XANES.
In the present repot we consider the mechanisms of formation of near-edge and pre-edge structures in Mn and O K-absorption in LaMnO 3 , and CaMnO 3 . Strong electron correlations occurring in these oxides hamper interpretation of x-ray spectroscopy data. One of the goals of the present report is to answer the question "how far can we go in theoretical description of Mn and O K-spectra in oxides employing the one-electron potential approach?" Another goal is to study the distortions of MnO 6 octahedra in LaMnO 3 connected with the Jahn-Teller effect.
METHOD OF CALCULATIONS
Spectra were calculated by the full multiple scattering method by XKDQ code. Potentials of all atoms in the cluster except absorbing one were calculated using electron densities of free neutral atoms obtained by Herman-Skillman procedure. The absorbing atom includes the 1s hole and an additional screening charge -0.8 e. We used the spin-polarized Xα potential. Spectra were calculated first for definite directions of photoelectron spin, then transitions forbidden by Pauli's principle were excluded and spectra were averaged over photoelectron spin directions if necessary.
CaMnO 3
O K-spectra for CaMnO 3 were calculated in 77-atomic cluster for the ferromagnetic (FM) ordering and for three types of the antiferromagnetic (AFM) ordering observed in La 1-x Ca x MnO 3 solid solutions [1] (Fig. 1) . The spectrum of the paramagnetic (PM) state was simulated by the averaging of the spectra of FM and G-AFM states. Though the difference between spectra of different types of AFM ordering is negligible the difference between AFM and FM spectra is quite noticeable. In the lower panel the local partial densities of unfilled Mn d-states of MnO 6 cluster are shown. One can conclude that the peak A in O K-XANES is caused by excitations of photoelectron into the e g ↑ and t 2g ↓ bands and the peak B is caused by transitions into the e g ↓ one. The comparison of the averaged spectrum with the experimental one measured for PM state is presented in Fig. 2 . The discrepancy between calculations and experimental spectra does not exceed the dissimilarity between different experiments. The calculations performed with δ 2 (Ca)=0 gave similar spectra but without the peak C.
It evidences that the peak C is caused by transitions of photoelectron into the Ca d-band.
Mn K-XANES calculations in CaMnO 3 were performed in 231-atomic cluster containing 19 complete MnO 6 octahedrons and 32 complete CaO 12 polyhedrons. The experimental spin-dependent highresolution spectrum [5] is superimposed with the calculations performed for the spin of the photoelectron antiparallel to that of the absorbing Mn atom in the paramagnetic cluster (Fig. 3) . The photoelectron antiparallel to that of the absorbing Mn atom in the paramagnetic cluster (Fig. 3) . The experimental spectrum measured by the total fluorescence yield [5] is superimposed with the calculations averaged over the photoelectron spin directions. In the main edge region the calculations are in fair agreement with the experiment (Fig. 3a) . It proves that the proposed approach for the potential construction and spectrum calculations can be employed for the Mn K-XANES calculations in the main edge region for manganites with the perovskite structure. 
LaMnO 3
Neutron diffraction studies revealed [6] [7] [8] that LaMnO 3 exists in various crystalline modifications with noticeably different short-range atomic order pre-edge parts of the total fluorescent yield spectra (TFY) and the spin-dependent high-resolution spectra. Calculated and experimental spectra are superimposed by the energy and intensity of the first peak above the main edge. Solid line: calculations performed in 231-atomic cluster; circles: experimental spectra [5] .
around Mn atoms. Strong Jahn-Teller distortions of MnO 6 octahedrons with two of Mn-O bonds being considerably longer than others occurs in the structure IIa [6] , whereas such distortions are not observed in the structures I and III. O K-XANES calculated for different modifications of LaMnO 3 in 77 atomic FM clusters (Fig.4) noticeably vary when Jahn-Teller Only O K-XANES calculated for the structure III (See Fig. 5 ) appears to be in reasonable agreement with the experiment.
Mn K-XANES is also highly affected by the octahedron's distortion. The fine structure calculated for unpolarized radiation absorption has a broad maximum with well-resolved two peaks just above the main edge for crystal structures with highly distorted MnO 6 octahedrons whereas it has only one comparatively narrow peak just above the edge for undistorted structures. The reason of the splitting of the main edge peak in the distorted structures is a wellknown dependence of the energy of the K-edge resonance peak on the metal-oxygen bond length. Due to the finite lifetime of the electron-hole excitations two-peaks structure of the main edge may be smeared of course and its total width may slightly increase. Even a rough comparison of the Mn K-XANES calculated for different possible crystal structures of LaMnO 3 with the experimental spectrum [5] demonstrates that the main edge peak in the spectra calculated for the undistorted structures is narrower than that in the experimental spectrum, whereas the peak calculated for the distorted structures is considerably broader than the experimental one. Since various effects being not taken into account in calculations, such as atomic thermal vibrations, multielectron effects, etc. may only increase the width of this peak one can conclude that the experimental spectrum corresponds to the crystal structure with only slightly distorted MnO 6 octahedrons. 
CONCLUSION
Calculations performed by the full multiple scattering method employing the one-electron spindependent potential provide Mn and O K-XANES for manganites with the perovskite structure in quite reasonable agreement with the experiment.
Comparison of the experimental Mn and O K-XANES for LaMnO 3 with the ones calculated for different models of the crystal structures unambiguously proves that MnO 6 octahedrons are not affected by the Jahn-Teller distortions in the specimens studied by the experimentalists.
